Boronate cross-linked ATP- and pH-responsive nanogels for intracellular delivery of anticancer drugs.
A novel adenosine-5'-triphosphate (ATP) and pH dual-responsive degradable nanogel (NG) system are developed based on the complexation of 1,2-diols in dendritic polyglycerol (dPG), and boronic acids, which are conjugated with dPG as the macromolecular cross-linker. The NG is formed by a mild and surfactant-free inverse nanoprecipitation method. An anticancer drug, methotrexate (MTX), is coprecipitated with the macromolecular precursors and cross-linkers to form MTX-loaded NG (NG-MTX) with a loading capacity of 13 wt%. The size of NG is controllable from 100 to 300 nm, which is suitable for the enhanced permeation and retention (EPR) effect and can be degraded into small fragments that are within the clearance limitation in the presence of 5 × 10(-3) m ATP or at pH 4 after 24 h. Increasing ATP concentrations and decreasing pH values of the release medium accelerate the release of MTX. Both the real-time cell analysis (RTCA) and MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide) results show no cytotoxic effect of NG and a dose-dependent effect of NG-MTX on HeLa cells as well as MCF-7 cells. The fluorescein isothiocyanate (FITC)-labeled NG (FITC-NG) exhibits a time-dependent intracellular uptake tendency and cell organelle permeability as determined by confocal laser scanning microscopy (CLSM) or flow cytometry.